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Association of PAH-DNA Adducts in
Peripheral White Blood Cells with Dietary
Exposure to Polyaromatic Hydrocarbons
by Nathaniel Rothman, Miriam C. Poirier,2 Robert A.
Haas, Adolfo Correa-Villasenor, Patrick Ford,56 John
A. Hansen,4 Tara O'Toole,57 and Paul T. Strickland5

Previous investigations suggest that dietary soumres of polycyclic aromatic hydrocarbons (PAH1s) contribute to the PAH-
DNA adduct load in peripheral white blood cells (WBCs). Inthe current study, wmeasredPAH-DNA adducts by enzyme-
linked immunosorbent assay inWBCs obtained from 47 California wildland (forest) firefighters at two time points (early
and late) duringan active forest fire season. PAH-DNA adduct levels were not associated with recent firefighting activi-
ty, but were positively associated with frequency ofcharbroiled food consumption in the previous 2 weeks. In addition,
adduct levels declined with time since last ingestion ofcharbroiled food. These studies indicate that recent consumption
of charbroiled food contributes to the PAH-DNA adduct load in peripheral WBCs.

Introduction
Polycyclic aromatic hydrocarbons (PAHs) are carcinogenic

compounds produced by incomplete combustion of organic
material. Humans are exposed to these compounds from a wide
variety of occupational, environmental and dietary sources.
Measurement ofPAH-DNA adducts in peripheral white blood
cells (WBCs) has been proposed as a method for assessing ex-
posure to these compounds. Previous studies suggest that this
biomarker reflects both occupational (1,2) and dietary PAH ex-
posure (3,4).
Wildland firefighters may have nearly continuous exposure to

PAHs (5) for several weeks at a time while fighting large forest
fires. The purpose of this study was to investigate the association
between PAH-DNA adducts and occupational and dietary PAH
exposures in a population of wildland firefighters.
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Methods
Forty-seven nonsmoking firefighters (37 male, 10 female),

18-45 years old, were evaluated in July and September of 1988,
the early and late part of the northern California wildland fire
season. Informed consent was obtained from all subjects, who
were stationed at several ofthe most active wildland fire stations
in the region. At the beginning and end of the 8-week study
period, a questionnaire requesting information on demo-
graphics, work practices, frequency of charbroiled (CB) food
consumption in the previous 2 weeks, and time since CB food
was last consumed was self-administered, and 40 mL of blood
were obtained.
DNA extracted from WBCs was analyzed for PAH-DNA ad-

duct content by enzyme-linked immunosorbent assay (ELISA)
(6) using a standard benzo[a]pyrene diol epoxide I (BPDE)-
DNA modified in the same range as the biological samples (4.4
fmole/4g DNA) (7). The ELISA employed rabbit anti-BPDE-
DNA (antibody 33, diluted 1:70,000), which recognizes several
PAH-DNA adducts. These PAHs are present in roughly similar
porportions in forest fire smoke (unpublished data) and char-
broiled food (8). The lower limit ofdetection was 0.04 fmole ad-
duct/pg DNA at 15% inhibition. Samples with nondetectable
levels (39 of94) were assigned a value of0.02 fmole adduct/,ug
DNA.
Due to the skewed nature ofadduct level distribution, the rela-

tionship between PAH-DNA adduct levels, firefighting activi-
ty, and CB food intake was examined by linear regression using
adduct level rank (9) as the outcome variable and logistic regres-
sion using adduct levels categorized into . 0.2 fmole/pg DNA
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Table 1. PAH-DNA adduct levels and consumption of charbroiled food.

PAH-DNA adduct level, fmole/pg DNA
Attribute na Mean (SD) Median (range)

Times ate charbroiled
food in past 2 weeksa

0 24 0.06 (0.07) 0.02 (0.02-0.24)
1-2 37 0.10 (0.12) 0.06 (0.02-0.6)
3-5 28 0.13 (0.13) 0.08 (0.02-0.42)
>5 5 0.21 (0.17) 0.21 (0.02-0.38)

Weeks since last ate
charbroiled foodC

. 1 week 45 0.13 (0.14) 0.08 (0.02-0.6)
> I week 39 0.07 (0.07) 0.02 (0.02-0.24)
Unknown 10 --

aTotal samples = 94.
bAssociation between adduct level and frequency of charbriled food con-

sumption tested by linear regression on adduct level rank (p = 0.016)
CAssociation between adduct level and weeks since last ate charbroiled tested

by linear regression on adduct level rank (p = 0.03).

or > 0.2 fmole/ug DNA. [Previous studies have demonstrated
that individuals without occupational (2,4,10) or marked dietary
PAH exposure (2) generally have peripheral WBC PAH-DNA
adduct levels below 0.2 fmole/pg DNA.] Potential confounders
evaluated included age, race, sex, passive exposure to cigarette
smoke, diesel exhaust exposure, years as a firefighter, use of a
bandana for respiratory protection, and alcohol and coffee
consumption.

Early and late season data were analyzed as a single study us-
ing the method ofLiang and Zeger (11), which takes into account
the possible correlation between repeat outcome measurements
made on each individual. Two-tailedp-values were calculated
throughout.

Results
Frequency of CB food consumption in the previous 2 weeks

ranged from zero to more than eight times (median: one to two
times). PAH-DNA adduct levels were positively associated with
CB food consumption (Table 1). Median duration since in-
dividuals last ingested CB food was 6 days (range: 1 to > 30
days). Adduct levels were significantly higher in individuals who
had ingested CB food one or more times within the previous
week (Table 1).

Individuals who consumed CB food more than twice in the
previous 2 weeks had a 4-fold increased risk ofhaving elevated
adduct levels (> 0.2 fmole/ug DNA) compared to individuals
consuming CB food two or fewer times (Table 2). Individuals
who ingested CB food within the previous week had a 4-fold in-
creased risk of having elevated adduct levels compared to in-
dividuals who last ingested CB food more than 1 week earlier
(Table 3).
None of the above associations were significantly altered after

adjustment for potential confounding variables and firefighting
activity. There was no association between firefighting activity
and PAH-DNA adduct level (Rothman et al., manuscript in
preparation).

Dicussion
Blood samples from 47 California wildland firefighters obtain-

ed early and late in the 1988 forest fire season were analyzed for

TIble 2. Association ofelevatedPAH-DNA adduct levels with frequency of
charbroiled food consumption.a

PAH-DNA adduct level

Times ate charbroiled food > 0.2 fmole/ig . 0.2 fmole/4g
in last 2 weeks DNA DNA Total

>2 times 10 23 33
. 2times 6 55 61

Total 16 78 94

aOdds ratio = 4.1; 95% C.I. = 1.4,12.03; p = 0.009. Crude odds ratio, 95 %
C.I., andp-value determined by logistic regression.

Table 3. Association ofelevated PAH-DNA adduct levels with weeks since last
consumed charbroiled food."

PAH-DNA adduct level

Weeks since last > 0.2 fmole/Ag < 0.2 fmole/Ag
ate charbroiled food DNA DNA Total

1 week 11 34 45
> I week 3 36 39

Total 14 70 84b
aOdds ratio = 3.9; 95% C.I. = 1.1, 13.9; p = 0.034. Crude odds ratio, 95 %

C.I., andp-value determined by logistic regression.
bTotal samples do not add to 94 because data were missing for several study

subjects.

WBC PAH-DNA adduct levels by ELISA. Adduct levels were
positively associated with frequency of CB food consumption
and inversely associated with time since CB food was last con-
sumed. This association is in accordance with our previously
published findings from a cross-sectional study of urban fire-
fighters and matched controls (3) and a controlled feeding study
in human volunteers (4). Furthermore, the observation that only
recent CB food consumption is associated with adduct levels is
consistent with the relatively short half-life (< 24 hr) of a
substantial portion of peripheral WBCs (12).
Although PAHs are ubiquitous in the diet, CB food has been

consistently shown to contain some ofthe highest PAH levels in
commonly consumed food items (13). Our data also suggest that
CB food represents one ofthe major sources ofdietary PAH in-
take for populations that frequently prepare food by charbroil-
ing. Further exploration ofthe association between diet and PAH
biomarkers should, however, attempt to evaluate exposure to all
major PAH dietary sources.

This manuscript was presented as a poster at the Conference on Biomonitor-
ing and Susceptibility Markers in Human Cancer: Applications in Molecular
Epidemiology and Risk Assessment that was held in Kailua-Kona, Hawaii, 26
October-I November 1991.

This study was supported in part by the California Department of Forestry
Employees Association (CDFEA), the International Association of Fire Fighters
(IAFF), the USDA Forest Service (#INT89383) and Department of Health and
Human Services (ES03819). The authors thank the officers and members of the
CDFEA, the California Firefighter Foundation, the LAFF, the California Depart-
ment ofForestry and Fire Protection, and Robert Harrison (California Depart-
ment of Health Services) for their cooperation and logistical support. In addi-
tion, we thank Frederica P. Perera (Columbia University) for providing us with
a copy of her questionnaire to assess dietary and occupational PAH exposures.

REFERENCES

1. Haugen, A., Becher, G., Bemestad, C., Vahakangas, K., Trivers, G. E,
Newman, M. J., Harris, C. C. Determination ofpolycyclic hydrocarbons in



WHITEBLOOD CELL PAH-DNA ADDUCTS AND DIET 267

the urine, benzo[a]pyrene diol epoxide-DNA adducts in lymphocyte DNA,
and antibodies to the adducts in sera from coke oven workers exposed to
measured amounts of polycyclic aromatic hydrocarbons in the work at-
mosphere. Cancer Res. 46: 4178-4183 (1986).

2. Perera, F. P., Hemminki, K., Young, T. L., Brenner, D., Kelly, G., and
Santella, R. M. Detection of polycyclic aromatic hydrocarbon-DNA adducts
in white blood cells of foundry workers. Cancer Res. 48: 2288-2291 (1988).

3. Strickland, P. T., Rothnian, N., Baser, M. E., and Poirier, M. C. Polycyclic
aromatic hydrocarbon-DNA adduct load in peripheral blood cells: contribu-
tion of multiple exposure sources. In: Immunoassays for Trace Chemical
Analysis: Monitoring Toxic Chemicals in Humans, Food, and the Environ-
ment (M. Vanderlaan, L. H. Stanker, B. E. Watkins, and D. W. Roberts,
Eds.), ACS Symposium Series 451, American Chemical Society,
Washington, DC, 1991, pp. 257-263.

4. Rothman, N., Poirier, M., Baser, M., Hansen, J., Gentile, C., Bowman,
E. D., and Strickland, P. T. Formation of polycyclic aromatic hydrocarbon-
DNA adducts in peripheral white blood cells during consumption of
charcoal-broiled beef. Carcinogenesis 11 (7): 1241-43 (1990).

5. Ward. D., Rothman, N., and Strickland, P. T. Eds. The Effects of Forest
Fire Smoke on Firefighters: A Comprehensive Study Plan. Prepared for The
U. S. Congress Committee on Appropriations for Title II-Related Agencies,
Department of Agriculture, Forest Service, Washington, DC, 1989.

6. Poirier, M. C., Santella, R., Weinstein, I. B., Grunberger, D., and Yuspa,
S. H. Quantitation of benzo(a)pyrene-deoxyguanosine adducts by radioim-
munoassay. Cancer Res. 40: 412-416 (1980).

7. Santella, R. M., Weston, A., Perera, F. P., Trivers, G. T., Harris, C. C.,
Young, T. L., Nguyen, D., Lee, B. M., and Poirier, M. C. Interlaboratory
comparison of antisera and immunoassays for benzo(a)pyrene{diol-epoxide-
I-modified DNA. Carcinogenesis 9: 1265-1269(1988).

8. Lijinsky, W. The formation and occurrence of polynuclear aromatic
hydrocarbons associated with food. Mutat. Res. 259: 251-261 (1991).

9. Conover, W. J., and Iman, R. L. Rank transformation as a bridge between
parametric and nonparametric statistics. Am. Stat. 35: 124-129 (1981).

10. Perera, F. P., Santella, R. M., Brenner, D., Poirier, M. C., Munshi, A.
A., Fischman, H. K., and Ryzin, J. V. DNA adducts, protein adducts, and
sister chromatid exchange in cigarette smokers and non-smokers. J. Natl.
Cancer Inst. 79: 449-456 (1987).

11. Liang, K. Y. and Zeger, S. L. Longitudinal data analysis using generaliz-
ed linear models. Biometrika 73: 13-22 (1986).

12. Thorup, 0. A., and Leavell, B. S., Eds. Fundamentals of Clinical
Hematology, 5th ed. W. B. Saunders, Philadelphia, 1987, pp. 38, 96.

13. Fazio, T. and Howard, J. W. Polycyclic aromatic hydrocarbons in foods.
In: Handbook ofPoylycyclic Aromatic Hydrocarbons, Vol. 1. (A. Bjorseth,
Ed.) Marcel Dekker, New York, 1983, pp. 461-505.


